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ABSTRACT 
The Agency f o r  I n t e r n a t i o n a l  D e v e l o p m e n t  i s  
funding a new program i n  e n e r g y  and m i n e r a l s  f o r  
C e n t r a l  A m e r i c a .  G e o t h e r m a l  e n e r g y  i s  a n  
important  component. A country-wi  d e  geothermal  
a s s e s s m e n t  h a s  s t a r t e d  i n  Honduras ,  and o t h e r  
assessment a c t i v i t i e s  a r e  i n  p r o g r e s s  or  p lanned  
f o r  Costa Rica, E l  Salvador ,  Guatemala, and Panama. 
Instrumentat ion f o r  well logging has been p r o v i d e d  
t o  C o s t a  R i c a ,  and a se l f -conta ined  logging t r u c k  
w i l l  be made a v a i l a b l e  f o r  use  t h r o u g h o u t  C e n t r a l  
America. An i m p o r t a n t  o b j e c t i v e  of t h i s  program 
is  t o  i n v o l v e  t h e  p r i v a t e  s e c t o r  i n  r e s o u r c e  
development. 
I N T R O D U C T I O N  
On F e b r u a r y  8 ,  1 9 8 5 ,  M .  P e t e r  M c P h e r s o n ,  
A d m i n i s t r a t o r  of  t h e  Agency f o r  I n t e r n a t i o n a l  
Development, and Senator Pete Domenici announced a 
new AID-funded program t i t l e d  " C e n t r a l  American 
E n e r g y  and M i n e r a l  Development: A P a t h  Toward 
Economic S e c u r i t y . "  The c o u n t r i e s  i n c l u d e d  a r e  
C o s t a  R i c a ,  E l  S a l v a d o r ,  Guatemala ,  Honduras ,  
Panama, and ,  as  a p p r o p r i a t e ,  c o u n t r i e s  o f  t h e  
C a r i b b e a n .  The program is coordinated and managed 
b y  L o s  Alamos N a t i o n a l  L a b o r a t o r y .  I n i t i a l  
f u n d i n g  is  $10.2 m i l l i o n .  I t  is expected t o  be a 
multi-year program. The o b j e c t i v e s  a r e  t o  
0 i n c r e a s e  economic development and employment 
i n  Cent ra l  America, 
0 p r o v i d e  a means f o r  t h e  p r i v a t e  s e c t o r  t o  
d e v e l o p  e n e r g y  and m i n e r a l  r e s o u r c e s ,  a n d  
0 p r o v i d e  t r a i n i n g  t o  counterpar t  s c i e n t i s t s  and 
engineers .  
T h e  r e s o u r c e s  t a r g e t e d  f o r  a s s e s s m e n t  a r e  
geothermal ,  p e a t ,  and m i n e r a l s .  Some a t t e n t i o n  
w i l l  a l s o  be g i v e n  t o  coal  and l i g n i t e ;  petroleum 
and n a t u r a l  g a s ;  and wind,  s o l a r ,  and b i o m a s s .  
T h i s  p r o g r a m  w i l l  n o t  u n d e r t a k e  r e s o u r c e  
d e v e l o p m e n t .  T h a t  i s  a j o b  f o r  t h e  p r i v a t e  
s e c t o r .  
Much of  t h e  work on t h i s  p r o j e c t  w i l l  be done by 
Los Alamos s c i e n t i s t s ,  e n g i n e e r s ,  and e c o n o m i s t s .  
A s  a p p r o p r i a t e ,  c o n s u l t a n t s  w i l l  be u t i l i z e d  from 
t h e  p r i v a t e  s e c t o r ,  o t h e r  l a b o r a t o r i e s ,  a n d  
u n i v e r s i t i e s .  The U . S .  G e o l o g i c a l  Survey  is  
cont r ibu t ing  t o  t h e  o v e r a l l  program, p a r t i c u l a r l y  
i n  t h e  g e o t h e r m a l  and m i n e r a l s  p r o j e c t s .  The 
f o l l o w i n g  d i s c u s s i o n  c e n t e r s  on g e o t h e r m a l  
a c t i v i t i e s  t h a t  a r e  p a r t  of t h i s  program. 
P I L O T  PROJECT O N  ST. L U C I A  
T h i s  program was preceded by  a geothermal p r o j e c t  
on S t .  L u c i a ,  i n  t h e  West I n d i e s .  B e f o r e  1 9 8 3 ,  
a t t e m p t s  t o  a s s e s s  and d e v e l o p  t h e  g e o t h e r m a l  
resource  had been made by B r i t i s h ,  I t a l i a n ,  and 
U.S. c o n s u l t i n g  firms. However, no p r o d u c t i o n  
w e l l s  were d r i l l e d .  I n  1 9 8 3 ,  Los  Alamos was 
funded b y  the  Trade and Development Program of t h e  
1J.S. Department  of S t a t e  t o  a s s e s s  t h e  r e s o u r c e  
and recommend d r i l l i n g  s i t e s .  
S t .  Lucia  is  a v o l c a n i c  i s l a n d .  Steam fumaroles 
and b o i l i n g  pools  occur near the  town of S o u f r i e r e  
w i t h i n  t h e  Q u a l i b o u  c a l d e r a ,  which formed 32,000 
t o  39,000 years  ago. R e g i o n a l  l i n e a r  f a u l t s  and 
c a l d e r a  f a u l t s  a p p e a r  t o  c o n t r o l  the  loca t ion  of 
thermal spr ings  within t h e  ca ldera .  
A 5.2-km-long d i p o l e - d i 7 o l e  DC r e s i s t i v i t y  survey 
was conducted a l o n g  a n o r t h - s o u t h  t r e n d i n g  l i n e  
t h r o u g h  t h e  c a l d e r a  ( F i g .  1 ) .  An a p p a r e n t  
r e s i s t i v i t y  h i g h ,  g r e a t e r  t h a n  1 0 0 0  ohm-m, i s  
l o c a t e d  below the  Belfond a r e a .  Beneath t h i s  high 
t h e r e  is deeper l o w - r e s i s t i v i t y  m a t e r i a l  t h a t  i s  
l e s s  t h a n  1 0  ohm-m. A zone of very low apparent 
r e s i s t i v i t y ,  l e s s  t h a n  1 ohm-m, u n d e r l i e s  t h e  
E t a n g s  a r e a .  T h i s  zone i s  r e l a t e d  t o  t h e r m a l  
u p w e l l i n g  a l o n g  w h a t  i s  p r o b a b l y  t h e  
caldera-bounding f a u l t  ( F i g .  2 ) .  
B e n e a t h  S u l p h u r  S p r i n g s  a t  a d e p t h  of a p p r o x i -  
m a t e l y  6 0 0  m i s  h i g h e r  a p p a r e n t  r e s i s t i v i t y  
m a t e r i a l  r a n g i n g  from 40 ohm-m up to  150 ohm-m i n  
t h e  c e n t e r  of a 1-km-diameter h i g h - r e s i s t i v i t y  
c l o s u r e .  These d a t a  s t r o n g l y  suggest a very hot 
d r y  steam f i e l d .  
H y d r o g e o c h e m i c a l  d a t a  f r o m  Q u a l i b o u  c a l d e r a  
i n d i c a t e  a g e o t h e r m a l  r e s e r v o i r  u n d e r l i e s  t h e  
S u l p h u r  S p r i n g s  a r e a  t h a t  c o n s i s t s  of ( 1 )  an 
upper steam condensate  z o n e ,  ( 2 )  an i n t e r m e d i a t e  
v a p o r  z o n e ,  a n d  ( 3 )  a l o w e r  b r i n e  z o n e .  
Temperatures a s  h i g h  a s  212OC were measured a t  a 
d e p t h  o f  600 m during previous shallow d r i l l i n g  a t  
Sulphur Springs.  Geochemical e v i d e n c e  i n d i c a t e s  
the temperature of the  br ine  may exceed 25OOC. 
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Fig. 1 
L o c a t i o n  of  t h e  5.2-km-long r e s i s t i v i t y  p r o f i l e  
l i n e  (conta in ing  32 e l e c t r o d e  s t a t i o n s )  a c r o s s  t h e  
Qualibou ca ldera .  
A 
The recommended loca t ions  f o r  explora tory  d r i l l i n g  
i n  Qualibou ca ldera  a r e  (F ig .  1 ) :  
C r a t e r s  of  Bel fond  - Caldera-related f a u l t i n g  
and recent  phreatomagmatic volcanism i n d i c a t e  
f r a c t u r e  p e r m e a b i l i t y ,  and low r e s i s t i v i t y  
s u g g e s t s  t h a t  geothermal  b r i n e s  o c c u r  a t  a 
depth of l e s s  than 1 km. 
Val ley  o f  S u l p h u r  S p r i n g s  - Hot s p r i n g s  and 
f u m a r o l e s ,  f l u i d  chemica l  c o m p o s i t i o n s ,  and 
low f o r m a t i o n  r e s i s t i v i t y  a l l  i n d i c a t e  a 
geothermal  b r i n e  r e s e r v o i r  a b o u t  2 km d e e p  
w i t h  t h e  p o s s i b i l i t y  of a hot dry steam f i e l d  
above t h e  br ine  r e s e r v o i r .  
E tangs  - The southern ca ldera  f a u l t  and a very 
low shallow r e s i s t i v i t y  suggest  a r e s e r v o i r  o f  
geothermal br ine  a t  a depth of about 1 km. 
s u m m a r y ,  Q u a l i b o u  c a l d e r a  h a s  e x c e l l e n t  
geothermal  p o t e n t i a l ,  and e x p l o r a t o r y  d r i l l i n g  
s h o u l d  r e s u l t  i n  t h e  d i s c o v e r y  o f  a 
h i g h - t e m p e r a t u r e  b r i n e  r e s e r v o i r .  G e o t h e r m a l  
b r i n e s  ( a n d  p e r h a p s  d r y  s t e a m )  may b e  found a t  a 
d e p t h  of 1 -2  km under  t h e  c e n t r a l  and s o u t h e r n  
ca ldera  a r e a .  
F i e l d  work on S t .  Lucia was completed within seven 
months o f  c o n t r a c t  i n i t i a t i o n ,  and i n  one y e a r ,  
d e t a i l e d  r e s u l t s  were published i n  a s e r i e s  of Los 
Alamos Technical R e p o r t s  ( R e f e r e n c e s  1 - 4 1 ,  As a 
r e s u l t  o f  t h i s  a s s e s s m e n t ,  U.S. A I D  and the  U . N .  
Revolving Fund a r e  p r o v i d i n g  over  $5 m i l l i o n  f o r  
d r i l l i n g  and t e s t i n g  t o  begin e a r l y  i n  1986. T h i s  
money w i l l  go t o  t h e  p r i v a t e  s e c t o r ,  and a t  l e a s t  
$2.5 mi l l ion  m u s t  be cont rac ted  t o  U.S. firms. 
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Fig .  2 
Apparent  r e s i s t i v i t y  d a t a  from t h e  d ipole-d ipole  beneath t h e  a p p r o p r i a t e  g e o l o g i c  c r o s s  s e c t i o n .  
s u r v e y  p l o t t e d  a s  a f u n c t i o n  o f  d e p t h .  S h a d e d  a r e a s  d e p i c t  r e s i s t i v i t y  c o n t o u r s  of  1 0  
R e s i s t i v i t y  v a l u e s  a r e  i n  ohm-m and a r e  shown ohm-m or  l e s s .  
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GEOTHERMAL ACTIVITIES I N  CENTRAL A M E R I C A  
O b j e c t i v e s  - T h e  long- te rm geothermal  and 
a s s i s t a n c e  p l a n  t h a t  i s  b e i n g  f o r m u l a t e d  and 
implemented by  Los Alamos and the  U.S. Geological 
Survey is responsive t o  needs t h a t  were i d e n t i f i e d  
b y  s c i e n t i s t s ,  engineers ,  and government o f f i c i a l s  
from C e n t r a l  American c o u n t r i e s .  The p l a n  i s  
designed t o  
( 1 )  I n s u r e  c o n t i n u e d  development  of  economical  
e l e c t r i c i t y  der ived from geothermal energy. 
( 2 )  P r o v i d e  t e c h n i c a l  t r a i n i n g  t o  c o u n t e r p a r t  
o r g a n i z a t i o n s  f o r  p l a n n i n g ,  o p e r a t i n g ,  and 
maintaining geothermal p l a n t s .  
P r o g r e s s  To D a t e  - D u r i n g  t h e  f i r s t  s i x  
months of t h i s  p r o j e c t ,  reconnaissance geology and 
g e o c h e m i s t r y  s t u d i e s  w e r e  c a r r i e d  o u t  a t  s i x  
g e o t h e r m a l  s i tes  i n  Honduras .  P l a t a n a r e s ,  S a n  
I g n a c i o ,  and Azacualpa (Fig.  3 )  were se lec ted  f o r  
more d e t a i l e d  i n v e s t i g a t i o n s ,  and t h e s e  s i t e s  were 
e x a m i n e d  by t e a m s  of  Los AlamoslENEE (Empresa 
Nacional  de E n e r g i a  E l e c t r i c a l  g e o l o g i s t s ,  a n d  
e m p h a s i s  w a s  p u t  on  s t r u c t u r a l  g e o l o g y ,  
s t r a t i g r a p h y ,  and d e t a i l e d  m a p p i n g  o f  t h e r m a l  
spr ings .  
W a t e r  samples  were c o l l e c t e d  and a n a l y z e d  from 
these  s i t e s  by a j o i n t  Los A1amoslU.S. G e o l o g i c a l  
S u r v e y I E N E E  t e a m  i n  o r d e r  t o  e s t i m a t e  t h e  
subsurface temperatures of geothermal  r e s e r v o i r s .  
The samples  a re  c h a r a c t e r i z e d  by r e l a t i v e l y  high 
c h l o r i d e  w a t e r s  h a v i n g  n e u t r a l  t o  a l k a l i n e  pH, 
c h a r a c t e r i s t i c s  t h a t  a r e  t y p i c a l  o f  h o t  
water-dominated geothermal systems. E s t i m a t e s  f o r  
s u b s u r f a c e  g e o t h e r m a l  r e s e r v o i r  temperatures a r e  
as  f o l l o w s :  P l a t a n a r e s ,  220Oc;  S a n  I g n a c i o ,  
20OoC; Azacualpa ,  185OC; Pavana ,  145OC; and E l  
O l i v a r ,  130%. 
I n i t i a l  geothermal reconnaissance e f f o r t s  i n  Costa 
Rica w i l l  cen ter  on t h e  v o l c a n i c  r e g i o n  s u r r o u n d -  
i n g  t h e  M i r a v a l l e s  g e o t h e r m a l  development  i n  
Cuanacaste Province. 
Los Alamos p e r s o n n e l  have o v e r h a u l e d  a t r a i l e r -  
mounted w e l l  l o g g i n g  r i g  f o r  i n t e r i m  u s e  i n  t h e  
M i r a v a l l e s  g e o t h e r m a l  w e l l s ,  a n d  l o g g i n g  i s  
c u r r e n t l y  i n  p r o g r e s s .  T e m p e r a t u r e s  up t o  235OC 
h a v e  b e e n  m e a s u r e d .  Measurements  be ing  made 
include pressure  and temperature  a s  a f u n c t i o n  of 
d e p t h ,  w e l l b o r e  d i a m e t e r  and c o n t o u r ,  and f l u i d  
v e l o c i t y  i n  t h e  w e l l b o r e .  S a m p l e s  o f  t h e  
g e o t h e r m a l  r e s e r v o i r  f l u i d  have been o b t a i n e d .  
The presence of wellbore s c a l i n g  i n  one p r o d u c t i o n  
w e l l ,  w h i c h  was s u s p e c t e d  b y  I C E  ( I n s t i t u t o  
C o s t a r r i c e n s e  De E l e c t r i c i d a d )  e n g i n e e r s ,  was 
v e r i f i e d  . 
The s p e c i f i c a t i o n s  f o r  a s e l f - c o n t a i n e d  w e l l  
l o g g i n g  t r u c k  h a v e  b e e n  w r i t t e n ,  a n d  t h e  
procurement  p r o c e s s  h a s  begun. T h i s  t r u c k  w i l l  
remain i n  Central  America. I t  w i l l  have  on board  
e l e c t r i c  a n d  h y d r a u l i c  s y s t e m s ,  a 3 , 0 0 0  m 
h i g h - t e m p e r a t u r e  logging  c a b l e ,  and a l l  necessary 
equipment f o r  logging  geothermal  w e l l s  i n  remote 
a r e a s ,  i n c l u d i n g  a s e l s c t i o n  o f  high-temperature 
downhole logging t o o l s .  
F a b r i c a t i o n  o f  a h i g h - o u t p u t  D C  e l e c t r i c a l  
r e s i s t i v i t y  sys tem i s  n e a r i n g  c o m p l e t i o n .  T h i s  
u n i t ,  s i m i l a r  t o  t h e  sys tem t h a t  was used on S t .  
Lucia, w i l l  remain i n  C e n t r a l  America t o  s u p p o r t  
g e o p h y s i c a l  e x p l o r a t i o n  a c t i v i t i e s .  I t  w i l l  be 
used f i r s t  i n  Honduras. 
Guatemala 
Nicaragua 4 
E l  -- Salvador * 
i 
* geothermal swlng site 
f national c a ~ l t a l  
malor cltias 
Fig. 3 
Honduras Geothermal Prospects  
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GEOTHERMAL NEEDS OF CENTRAL AMERICA 
H o n d u r a s  - B e f o r e  1 9 9 0 ,  E N E E  m u s t  make 
d e c i s i o n s  o n  how t o  m e e t  H o n d u r a s '  g r o w i n g  
e l e c t r i c i t y  demands .  E N E E  h a s  r e q u e s t e d  a n  
a s s e s s m e n t  o f  t h e  t e c h n i c a l  f e a s i b i l i t y  o f  
g e o t h e r m a l  power p l a n t s  i n  Honduras and t h e  most 
d e s i r a b l e  l o c a t i o n s  f o r  development .  T h u s ,  an 
e x t e n s i v e  g e o t h e r m a l  reconnaissance e f f o r t  is  now 
underway. Af te r  completing e l  e c  t r i  c a l  geo phy si c s 
m e a s u r e m e n t s  a n d  d r i l l i n g  s h a l l o w  t e m p e r a t u r e  
g r a d i e n t  w e l l s ,  a s i t e  w i l l  b e  s e l e c t e d  f o r  
d r i l l i n g  product ion wells. The production t e s t i n g  
d a t a  from t h e s e  wells w i l l  conf i rm ( o r  deny)  t h e  
r e s e r v o i r  p o t e n t i a l  of t h e  s i t e  and provide ENEE 
w i t h  t h e  i n f o r m a t i o n  r e q u i r e d  t o  d e t e r m i n e  i t s  
f u t u r e  pol icy .  
C o s t a  R i c a  - W i t h  t h e  M i r a v a l l e s  geothermal 
f i e l d  undergoing  a c t i v e  d e v e l o p m e n t ,  t h e  most  
u r g e n t  need of I C E  i s  f o r  equipment and technica l  
e x p e r t i s e  t o  perform well l o g g i n g  measurements  i n  
t h e  p r o d u c t i o n  wells. The measurements t h a t  have 
b e e n  g i v e n  h i g h e s t  p r i o r i t y  i n c l u d e  w e l l  
t e m p e r a t u r e  s u r v e y s ,  p r e s s u r e  s u r v e y s ,  f l o w  
measurements  t o  d e t e r m i n e  w h i c h  h o r i z o n s  a r e  
p r o d u c i n g  t h e  g e o t h e r m a l  f l u i d s ,  c a s i n g  p r o f i l e  
m e a s u r e m e n t s  t o  c h e c k  f o r  c a s i n g  damage and  
w e l l b o r e  s c a l e  accumulations, ob ta in ing  samples of 
t h e  pressur ized  r e s e r v o i r  f l u i d s  f o r  geochemica l  
a n a l y s i s ,  cement bond l o g  s u r v e y s  t o  a s s e s s  the  
i n t e g r i t y  of the  bond between t h e  c a s i n g  and t h e  
f o r m a t i o n ,  and r e s e r v o i r  i n t e r f e r e n c e  t e s t s  f o r  
e s t i m a t i n g  t h e  p r o d u c t i o n  c a p a c i t y  o f  t h e  
geothermal r e s e r v o i r .  
I n  a d d i t i o n  t o  M i r a v a l l e s ,  o t h e r  r e g i o n s  within 
Costa Rica appear t o  have s i g n i f i c a n t  geothermal  
e n e r g y  p o t e n t i a l .  The most promis ing  of t h e s e  
r e g i o n s  w i l l  b e  i d e n t i f i e d  as  p a r t  o f  t h i s  
program. 
E l  S a l v a d o r  - E l e c t r i c i t y  production from t h e  
A h u a c h a p a n  g e o t h e r m a l  power p l a n t  h a s  b e e n  
d e c l i n i n g  s t e a d i l y  dur ing  recent  years .  The most 
u r g e n t  need of  C E L  (Coinision Ejecut iva Hydroelec- 
t r i c a  de l  Rio Lempa) is t o  r e v e r s e  t h i s  t r e n d  and 
b r i n g  t h e  p l a n t  b a c k  t o  i t s  p r e v i o u s  l e v e l  o f  
p r o d u c t i o n .  CEL h a s  i d e n t i f i e d  two p r o b a b l e  
c a u s e s :  d e c l i n i n g  r e s e r v o i r  p r e s s u r e  because  
g e o t h e r m a l  f l u i d s  a r e  n o t  r e i n j e c t e d  i n t o  t h e  
r e s e r v o i r ,  and mechanical damage i n  otherwise good 
p r o d u c t i o n  w e l l s .  C E L  n e e d s  w e l l  l o g g i n g  
mea s urem en t s and r e s  er vo i r engineer  i ng e x p e r t i s e  
t o  d e v i s e  a p l a n  f o r  s o l v i n g  t h e s e  problems and 
improving well production. 
A d j a c e n t  t o  A h u a c h a p a n  i s  a n  u n d e v e l o p e d  
geothermal a r e a  a t  C h i p i l a p a .  C E L  h a s  r e q u e s t e d  
e q u i p m e n t  and p e r s o n n e l  t o  c o n d u c t  g e o p h y s i c a l  
explora t ion  a c t i v i t i e s  t o  i d e n t i f y  t h e  geothermal  
r e s e r v o i r  and t a r g e t  t h e  most promising production 
well l o c a t i o n s .  
p r o d u c t i o n  c a s i n g s  were cemented i n  p l a c e  using 
convent iona l  moderate-  t e m p e r a t u r e  cement .  I N D E  
would a l s o  l i k e  t o  have l l t r a c e r t l  t e s t s  performed 
t o  determine t h e  communication between p r o d u c t i o n  
wel l s  through t h e  geothermal r e s e r v o i r .  
I N D E  has  a l s o  r e q u e s t e d  a s s i s t a n c e  i n  understand- 
ing t h e  geology, hydrogeochemistry, and g e o p h y s i c s  
of t h e  Amatitlan geothermal region.  
P a n a m a  - T h e  V a l l e  d e  Anton  r e g i o n  i s  
c u r r e n t l y  b e i n g  examined b y  I R H E  ( I n s t i t u t o  de 
R e c u r s o s  H i d r a u l i c o s  y E l e c t r i f i c a c i o n )  a s  a 
p o t e n t i a l  geothermal  e n e r g y  d e v e l o p m e n t  s i t e .  
I R H E  h a s  r e q u e s t e d  a s s i s t a n c e  i n  c o n d u c t i n g  a 
hydrogeochemical  r e c o n n a i s s a n c e  o f  t h e  a r e a .  
E m p h a s i s  w i l l  b e  p l a c e d  o n  g e o c h e m i c a l  
t h e r m o m e t r y  t o  d e t e r m i n e  i f  a s u f f i c i e n t l y  
high-temperature r e s e r v o i r  e x i s t s  i n  t h i s  region.  
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